The study of gas-dust interactions occurring in the interstellar medium of a galaxy is essential for understanding various physical processes taking place within it. A comparison of such events at different locations corresponding to diverse astrophysical environments provides more insight into the star-formation as well as dust destruction conditions and time-scales. We present a case study for two galaxies: NGC 3184 and NGC 7793, which are typical examples of a 'grand design spiral' and a 'flocculent spiral', respectively. We investigate the gas-dust correlations at various spatially resolved locations within each galaxy, including spiral arms, using archival data. Moreover, we have segregated the neutral gas into wide (warm) and narrow (cold) velocity components to check the correlations with individual dust emission bands. We find a positive correlation between the gas and the dust, with the total atomic gas emission mainly dominated by its warm component in both the galaxies. We also find the dust population in NGC 7793 to have a greater fraction of emission coming from cold and diffuse, larger-sized dust particles as compared to NGC 3184. This nearby galaxy pilot study could serve as a template for similar studies of larger galaxy samples with analogous morphologies.
INTRODUCTION
The ubiquitous nature of dust particles in the universe and its interaction with gas in various environments play an important role in determining the characteristic emission/absorption seen from such regions. In dense interstellar gas or nebulae, which are considered as the birth-place of stars, dust may, in fact, dominate the atomic and molecular reactions which usually occur purely in the gas-phase. This can be seen spectroscopically along a particular line of sight, when there is an under-abundance of elements as compared to a Sun-like metallicity in the gas-phase, wherein the dust can be assumed to be the metal reservoir rather than the gas in the interstellar medium (ISM) (Dyson & Williams 1997) . It is now well known that the incoming ultraviolet (UV) and visual radiation from stars are absorbed and re-radiated by dust particles, mainly in a continuum, as heat in the infrared (IR) which allows the E-mail (GS): gautamsaikia91@gmail.com † E-mail (NNP): narendra@rri.res.in dust to maintain a grain temperature ∼30 K. They also scatter the shorter wavelength light and a combination of the two processes is known as extinction (Trumpler 1930) . The composition of these dust particles is known from the type of emission/absorption spectra they produce with elemental peaks/troughs overlaying the dust continuum.
Cosmic dust is usually found to be mixed with the dense (n H >10 2 cm −3 ) and cool (T <∼10 2 K) interstellar gas clouds, which account for a majority of the mass in the ISM despite being smaller in volume. This dust not only aids in regulating the heating/cooling of the ISM by scattering/absorbing the incident ultraviolet radiation and re-emitting in the infrared (Draine 2011) , but also provides a site for molecular formation to occur (including H 2 ) and is an important agent in providing an ionizing balance in the ISM, with a major role in the star formation process (Draine 2003) . The ionized gas nebulae, also known as HII regions, have hot stars embedded inside them which maintain a high temperature (∼10 4 K), with a density (>10 2 cm −3 ) similar to the neutral regions surrounding it. Dust particles generally do not survive such harsh environments and are usually found in neutral molecular clouds or in intercloud gas regions (usually atomic) which have been partly ionized by X-rays from hot stars making them quite warm (∼10 3 K) with low density (< 1 H atom cm −3 ) (Williams 2005) . The emission by dust particles and its temperature distribution depends on several factors including the grain size, composition, opacity and strength of the local interstellar radiation field. Hence, given the important role played by dust in the universe around us, the study of gas-dust interactions becomes highly crucial to understanding the underlying physics of the ISM and high-density star-forming regions in various astrophysical systems.
Surveys such as the Spitzer Infrared Nearby Galaxy Survey (SINGS, Kennicutt et al. (2003) ) and the GALEX Nearby Galaxy Survey (GANGS, Gil de Paz et al. (2007) ) in the IR and UV respectively, have made enormous contributions to understanding the star formation processes occurring in nearby galaxies. Such studies also require a reservoir of molecular gas data products, in addition to the star and dust data, which have been made available at complementary resolutions thanks to the BIMA Survey of Nearby Galaxies (BIMA SONG, Helfer et al. (2003) ) and the HI Nearby Galaxy Survey (THINGS, Walter et al. (2008) ) corresponding to CO and HI surveys, respectively. In the last decade, the Heterodyne Receiver Array CO Line Extragalactic Survey (HERACLES, Leroy et al. (2009) ) and the Key Insights on Nearby Galaxies: a Far-Infrared Survey with Hershel (KINGFISH, Kennicutt et al. (2011)) surveys have made high-resolution CO and far-IR (FIR) maps available which have allowed us to trace the gas and dust mass distribution in nearby galaxies at ∼kiloparsec (kpc) scales, which extend into the HI-dominated ISM. Leroy et al. (2008) , Bigiel et al. (2008) and Leroy et al. (2012) have made use of various data sets from these high-resolution surveys including the THINGS, SINGS, BIMA SONG and HERACLES to investigate the relationship between star-formation rates (SFRs) and neutral gas distribution/density in nearby galaxies at sub-kpc scales. Leroy et al. (2008) found that depending on the type of galaxy (spiral/irregular) and location (inner/outer disk), the same gas surface density can lead to very different (SFRs), which suggests that local effects such as potential well, chemical enrichment, pressure and coriolis forces/shear may control how star formation occurs in the neutral phase of the ISM. Leroy et al. (2012) have tried to estimate the contamination of emission observed at 24 µm, not associated with recent star formation. Among others, Foyle et al. (2010) have studied the star formation rates and how they vary in the arm and inter-arm regions for a sample of spiral galaxies; and found a significant contribution (at least 30%) of the inter-arm regions to SFR tracers. Using FIR observations from KINGFISH, CO from HERACLES and HI from THINGS, Sandstrom et al. (2013) present the CO-to-H 2 conversion factor (α CO ) and the dust-to-gas ratio (DGR), at ∼kpc resolution, in a sample of nearby galaxies. A close empirical correlation has been found between the FIR luminosity, which is known as a young star formation tracer, and the synchrotron-dominated centimetre-wavelength emission (Helou et al. 1985) ; which is why the radio continuum emission is frequently used as a dust-free tracer of recent star formation in galaxies. Observations made by the Spitzer telescope found that the FIR 70 µm and non-thermal radio emission correlation seems to show a dependence on the time-scale of recent star formation occurrence as the cosmic ray electrons in such cases do not get enough time to diffuse over significant distances, which is termed as "age effect" (Murphy et al. 2008) . While high energy stellar UV photons from OB stars are expected to dominate the heating of gas near star-forming regions, it could also be due to turbulence, shocks and collisions among clouds in more isolated environments (Flower & Pineau Des Forêts 2010) . Hence, there arises a need to study the underlying radio-IR correlation mechanism using recently available high-resolution data (Kennicutt et al. 2011) .
In this work, we report a systematic study of the gas-dust correlations for two nearby spiral galaxies: NGC 3184 and NGC 7793. We have separated the wide and narrow components of the neutral gas and investigated the correlations independently for multiple dust emission bands. These correlations eventually give us an idea of the gas-dust interactions, which we have compared for the two galaxies. We present the first such resolved gas-dust study with linear resolution ∼few hundred parsecs using archival data. A brief description of our galaxy sample is presented in Section 2. The procedure for the analysis of archival data is presented in Section 3. The results of correlation studies and their interpretations are presented in Section 4 followed by the main conclusions of this work in Section 5.
TARGET SELECTION & DESCRIPTION

Galaxy sample
The aim of this study is to look for a pixel-by-pixel correlation between gas and dust emissions and hence, our sample must have data available in both the radio and infrared (IR). In the near and mid-IR, beam sizes are small and hence the spatial resolution of instruments is not much of a problem. However, this is usually not the case for single-dish radio observations which is why we select a sample of galaxies such that it is sufficiently nearby, in order to avoid any contamination in the observed spectra due to rotation effects. We have selected NGC 3184 and NGC 7793 which are classified as a 'grand design spiral' and a 'flocculent spiral', respectively, according to the scheme of morphological galaxy classification given by Elmegreen & Elmegreen (1982) . The difference in properties such as star-formation rate, inclination angle, etc. make these two ideal for a study of the trend in gas-dust correlations at high linear resolution among galaxies having very different spiral structures, but closely related in morphological type (Table  1 ). The findings reported here are part of an ongoing larger project making use of archival data for nearby galaxies and we present these two example galaxies as a pilot study. 
NGC 3184
NGC 3184 has strong and definite spiral arms such that it is classified as a "grand design spiral", as seen in Figure 1 . Located at a distance of 11.3 Mpc, it has a nearly face-on orientation (i=16 deg) which makes it an ideal candidate to study gas-dust interactions in the galaxy. Being a galaxy similar to the Milky Way, NGC 3184 has been used as a sample galaxy to determine the spatial correlation between diffuse hot gas and star-forming regions by Doane et al. (2004) . They observed a correlation between regions of diffuse X-ray emission and the spiral arms and HII regions, and also found the diffuse thermal emission to be widely spread out across NGC 3184 with an average surface brightness similar to what is seen in the Milky Way neighbourhood. There have been multiple attempts to determine parameters such as the star-forming efficiency, CO-to-H 2 conversion factor (α CO ), dust-to-gas ratio (DGR) and metallicity within this galaxy. Sandstrom et al. (2013) found that the DGR was almost linearly correlated while the α CO was only weakly-correlated with the metallicity in NGC 3184. Honig & Reid (2015) have determined the positions of 180 HII regions distributed along the two prominent spiral arms in NGC 3184. More recently, Abdullah et al. (2017) have tried to quantify the contribution of various ISM phases in NGC 3184 to the [CII] emission, which is used as a star formation rate indicator.
NGC 7793
NGC 7793 falls into the "flocculent spiral" category (Elmegreen & Elmegreen 1982 ) which means 'fluffy or wool-like', characterized by diffuse, broken spiral arms, with no bar and a very faint central bulge as shown in Figure 2 . Table 1 . A compilation of some known properties for the two galaxies: NGC 3184 and NGC 7793 in our sample. Notes: a Coordinates, morphological types, optical sizes and distances as listed in NED and SIMBAD astronomical databases. b Inclination angles from Walter et al. (2008) . Such spiral structures were claimed to have been formed due to stochastic self-propagating star formation (SSPSF model; Mueller & Arnett (1976) ). Subsequently, these features have been attributed to being material arms arising due to sheared star-gas gravitational instabilities (Jog & Solomon 1984; Sellwood & Carlberg 1984; Jog 1992) . At a distance of only 3.6 Mpc and an apparent diameter of 10 , NGC 7793 forms a part of the Sculptor Group, which is one of the closest groups of galaxies to the Local Group. It is neither an edge-on nor a completely face-on galaxy (i=50 deg) composed of highly ionized gas and has a mass, size and morphology similar to M33, which has prompted it to be a primary candidate for the study of galaxy kinematics in recent years. Muraoka et al. (2016) have investigated the relationship between CO and total IR luminosities in NGC 7793 and found a linear correlation between them which is consistent even for ultraluminous infrared and submillimeter galaxies. They also found a linear correlation between the CO intensities and star-formation rates which they suggest is universally applicable to various types and spatial scales of galaxies.
A compilation of some known properties of the two galaxies is presented in Table 1 . Historically, NGC 3184 has been the more widely studied galaxy of the two. However, a study of gas-dust correlations by separating the warm and cold components of HI gas has not been attempted before in either case. Hence, while both galaxies are individually interesting due to the similarities they possess with the Milky Way and M33, respectively, we wanted to study how the gas-dust interactions vary within each galaxy with a change in physical properties. We have, in fact, separated the spiral arm locations to further investigate the possible contribution of local effects in NGC 3184.
Radio HI data
The HI Nearby Galaxy Survey (THINGS), carried out using the NRAO Very Large Array (VLA), was an attempt to probe the atomic interstellar medium of 34 nearby galaxies at high spectral (≤5.2 km/s) and spatial (∼6 ) resolution ). The galaxy sample was selected such that a wide range of physical properties, metallicities, star-formation rates and absolute luminosities were covered at 2≤D≤15 Mpc distances (∼100-500 pc linear resolution). The high angular resolution allowed the observer to trace the neutral HI complexes and to resolve spiral arms. For each galaxy, HI data cubes as well as moment maps (MOM0: integrated HI maps, MOM1: mean intensity-weighted velocity, MOM2: velocity dispersion), are publicly available. Both NGC 3184 and NGC 7793 form a part of the THINGS galaxy sample.
Infrared data
Most of the THINGS galaxies were chosen to overlap with the Spitzer Infrared Nearby Galaxies Survey (SINGS) (Kennicutt et al. 2003) sample, which was a mid and far-infrared emission survey of 75 nearby galaxies (D<30 Mpc). The SINGS survey aimed at a better understanding of how star formation is affected by ISM properties. Each of these galaxies was mapped by four IRAC (Infrared Array Camera; Fazio et al. (2004) ): 3.6, 4.5, 5.8, 8 µm and three MIPS (Multiband Imaging Photometer for Spitzer ; Rieke et al. (2004) ): 24, 70, 160 µm bands. The THINGS spatial resolution is complementary to that of MIPS 24 µm (∼5.7 ) which makes them very useful datasets for comparative studies. Moreover, the 8 µm mid-IR (MIR) band is generally attributed to polycyclic aromatic hydrocarbon (PAH) emission while the 24 µm emission is seen from very small dust grains near hot star-forming regions (Draine 2003) . While 8 µm emission highlights the rims of HII regions, the 24 µm emission comes from mainly within the HII region where PAHs cannot survive. This has prompted their use as tracers of star-formation (Dale et al. 2005; Calzetti et al. 2007 ). However, the resolution of the MIPS 70 and 160 µm bands is quite poor as compared to the MIR (17 and 38 respectively; corresponding to 1-5 kpc linear scales), which led us to look for alternative observations to trace dust emission in the FIR.
The Key Insights on Nearby Galaxies: a Far-Infrared Survey with Hershel (KINGFISH) project (Kennicutt et al. 2011 ) had overlapping goals with the SINGS survey but covered exclusively the FIR at a much better resolution, which works to our advantage. The Hershel PACS (Photodetector Array Camera and Spectrometer; Poglitsch et al. (2010) ) observed all 61 galaxies in the KINGFISH sample at 70, 100 and 160 µm with a fourfold improvement in spatial resolution over Spitzer MIPS at similar wavelengths. This allows us to trace the increase in contribution from diffuse dust emission (cirrus) with increasing wavelength (Bendo et al. 2006 ) at an excellent spatial resolution for both NGC 3184 and NGC 7793. Braine et al. (1993) had observed both the emissions for a sample of 81 galaxies and found a typical line ratio of CO (J=2→1/1→0) of 0.89±0.06, which supports the use of CO(J=2→1) emission as a viable molecular hydrogen (H 2 ) tracer in other galaxies. Moreover, the CO(J=2→1) follows the same distribution as that of CO(J=1→0) in our Milky Way (Israel et al. 1984; Sakamoto et al. 1995) . The main advantage of using a single dish in comparison to an interferometer for such observations lies in the sensitivity of such an arrangement to extended structures such as molecular cloud complexes which may be missed by high resolution, low sensitivity interferometric observations. We have used the HERACLES data for NGC 3184 in this study which can adequately resolve spiral arms, bars as well as large scale star-forming complexes (Leroy et al. 2009 ). The good extent and sensitivity of these maps, which often measured the CO beyond the transition zone of H 2 -to-HI, made it possible to clearly distinguish between the total gas and its molecular component . The CO data for NGC 7793 was unavailable in both BIMA SONG and HERACLES archives.
A comparative chart of the resolutions at different wavelengths for the four surveys (THINGS, SINGS, KING-FISH, HERACLES) is presented in Table 2 . An overlay of the THINGS radio HI intensity and velocity dispersion contours on an 8 µm SINGS image is shown in Figure 1 for NGC 3184 and Figure 2 for NGC 7793.
DATA ANALYSIS
Two-component HI maps
We have used the procedure detailed in Patra et al. (2016) to separate the wide and the narrow velocity components of the atomic HI gas for each galaxy, in order to individually study their effects on the dust emission in the region. Each line-of-sight spectrum of the galaxy is fit first by a single and then a double Gaussian. The residuals are compared for both cases and an F-test (statistical test) is done to find out if adding an extra Gaussian component (i.e., double Gaussian) does improve the fit with reasonable statistical significance (95%) or not. We did this exercise to every pixel (with an automated routine) and then extracted the corresponding velocity dispersion (σ H I ) values. Hence, in the total data cube, there are some pixels which are best fitted by single Gaussian and there are some which are best fitted by double Gaussian giving us two histograms per galaxy: (1) σ H I values where the best fit to the HI spectra was achieved by fitting a single Gaussian, (2) spectra best fitted by a double Gaussian. In the case of single Gaussian fit, there is no clear demarcation of wide and narrow components (σ H I ) in either galaxy and it looks more like a continuous distribution. On the other hand, we clearly see two distinct distributions in the histograms for the double Gaussian (σ H I ) fit for both galaxies (Figure 3 ).
For NGC 3184, there is no significant blending as the inclination is low (i=16 deg). However, for NGC 7793 (i=50 deg), a significant blending in terms of the long extended tail can be seen. As evident from the histograms, we have used a threshold of σ H I =10 km/s to separate the wide/narrow components and generate the HI maps individually, for both galaxies. We consider the wide component to trace the "warm" HI gas and the narrow component to trace the "cold" HI gas (Young & Lo 1997; Young et al. 2003; Begum et al. 2006; Warren et al. 2012) . Hence, in the remainder of this work, we refer to the wide and narrow components as warm and cold HI, respectively. The separated HI maps for the two galaxies are shown in Figures 4 & 5.
Data reduction
Moment maps and image data: The THINGS data are available in the form of data cubes and as individual moment maps. We have used the moment 0 (MOM0) and moment 2 (MOM2) maps which provide integrated HI intensity (Jy/beam*m/s units) and velocity dispersion . The cold (left panel) and warm (right panel) components of HI gas separated into two images using the method described in Patra et al. (2016) . We see a distinct bi-modality of the atomic gas distribution in NGC 3184. The masks applied to avoid contamination from Galactic foreground stars can be seen as white circles with the convolved beam size (13.4 ×13.4 ) shown as a black dot in the bottom left corner of each panel. The angular size of these images has been kept the same as Figure 1 Figure 5 . The cold (left panel) and warm (right panel) components of HI gas separated into two images using the method described in Patra et al. (2016) . We see a distinct bi-modality of the atomic gas distribution in NGC 7793. The masks applied to avoid contamination from Galactic foreground stars can be seen as white circles with the convolved beam size (15.6 ×15.6 ) shown as a black dot in the bottom left corner of each panel. The angular size of these images has been kept the same as Figure 2 for comparison.
(m/s) information, respectively. For the IR dust maps, we have used the fifth (and last) data delivery of SINGS for MIR 8 µm and 24 µm data. The Spitzer image data in FITS format have units of MJy/sr. Since we are using the 8 µm as a non-stellar PAH emission tracer, we subtract contribution from the stellar continuum using the SINGS 3.6 µm data following the procedure described in Helou et al. (2004) . This removes the starlight contribution to the Spitzer 8 µm band but in regions of weak or low PAH emission, there might still be a significant contribution from non-stellar hot dust emission (Bendo et al. 2006 ). The 70 µm, 100 µm and 160 µm data have been taken from the second delivery (DR2) of the high-level data products of KINGFISH in units of Jy/pixel. The CO data from HERACLES have units of K km/s. Image convolution and re-sizing: As seen in Table 2 , the radio, IR and CO data available at multiple wavelength bands have different sizes and resolutions. Therefore, in order to bring all the images to equal footing for comparison, we select the largest beam size available for each galaxy in our sample and then convolve the rest of the data to this beam size using standard tasks in the Astronomical Image Processing System (AIPS) software. First, we manually apply masks to all available images such that we can avoid contamination from the Galactic foreground stars, e.g. as seen in Figures 4 & 5 . The images are then convolved such that the output attains the resolution of the largest beam among all the available gas/dust maps. Once all the images for a particular galaxy have been convolved to the new beam size, we re-sample all the image data such that the pixel size becomes equal to the beam size, i.e. one pixel per beam. For example, a radio image with an original beam size of 7.51 ×6.93 for NGC 3184 has 1024×1024 pixels, with a pixel size of 1.5 and it has been convolved such that we get a final output beam size of 13.4 ×13.4 , which is in accordance with the highest beam size in the sample belonging to the CO map. We divide the beam size by the pixel size (13.4/1.5) to get the number of pixels in a beam (=8.9) and then divide the total number of pixels in the image by this number (1024/8.9) to get the new number of image pixels (=115×115), for re-sampling to make the pixel size and beam size equal. Moreover, the size of the images and their reference pixels need to be re-aligned since our objective is to do a pixel-by-pixel comparative study and this has been done using the Common Astronomy Software Applications (CASA) package. Thus, we bring all the images (including the cold/warm HI maps) to a uniform size and geometry for meaningful comparison.
RESULTS & DISCUSSION
We have carried out a pixel-by-pixel correlation study among the different available radio, CO and IR bands for both the galaxies. We consider a noise (rms) in each IR image, away from the optical disk of the galaxy region such that it does not overlap with any bright source and is purely from the foreground/background contribution, and then set a threshold of 2.5*rms as the signal-to-noise cut-off. For the HI observations, we have converted the units of the image into atomic column density units [N(HI)] by setting a minimum cut-off at 5×10 19 atoms/cm 2 according to the sensitivity considerations of THINGS survey . In case of the CO data (Leroy et al. 2009 ), we have used a line ratio of R 21 =(2→1)/(1→0)=0.7 (Sandstrom et al. 2013) and an X CO =2×10 20 cm −2 (K km/s) −1 factor (Bolatto et al. 2013 ) to obtain the molecular hydrogen column densities [N(H 2 )]. Figures 6 & 7 show the gas-dust correlations for the 8 µm dust band in NGC 3184 and NGC 7793, respectively. The four panels in Figure 6 correspond to the separated warm/cold HI gas, total HI gas, molecular CO gas and total (atomic+molecular) gas column densities with respect to 8 µm dust emission in NGC 3184. The spiral arm locations have been marked separately in the total gas-dust correlation plot for NGC 3184 which have been identified using a combination of 3.6 µm and Hα images available in the SINGS data archive (Kennicutt et al. 2003) . Since the CO data was unavailable for NGC 7793 in the public archives, we have only shown the separated warm/cold HI and the total HI gas column density vs 8 µm dust emission for this galaxy in Figure 7 . Being a flocculent spiral, the arms in NGC 7793 are distributed throughout the galaxy and hence we haven't been able to separate them from the inter-arm locations. While we have not shown all the gas-dust correlation plots for individual IR bands here, we have used the non-parametric Spearman's (ρ) and Kendall's (τ) rank correlation coefficients to quantify the relationship between various observed parameters and the coefficient values are presented in Tables A1 & A2 . In addition, we have compared the total N(HI) gas-dust correlations for the two galaxies at different IR bands as shown in Figure 8 .
The results show that the trend in the variation of gas-dust correlations with individual IR bands is different for each galaxy. While the N(HI) and dust IR bands are positively correlated with almost similar values at each individual band for NGC 3184, the values of correlation coefficients increase drastically with an increase in IR emission wavelength for NGC 7793. In NGC 3184, the Spearman's rank correlation coefficient changes from ∼0.7 at N(HI) vs MIR (8 µm) to ∼0.6 at N(HI) vs FIR (160 µm). On the other hand, the same coefficient value changes from ∼0.2 at N(HI) vs MIR (8 µm) to ∼0.7 at N(HI) vs FIR (160 µm) in NGC 7793. The trend remains the same even when we separate the atomic HI into warm and cold components to check the correlations individually. A similar situation was observed in the case of M33 by Hinz et al. (2004) , who found the 24 and 70 µm emissions to trace highly ionizing stars but the 160 µm emission to be more closely related to cool, diffuse dust which matches the non-thermal radio emission distribution. With the similarity in properties between M33 and NGC 7793, this indicates that the dust population responsible for gas-dust interactions in NGC 7793 has a higher contribution from larger, relatively cooler dust components that show emission towards the FIR. This could also indicate a deficiency in smaller-sized dust particles in the flocculent spiral NGC 7793 due to their possible destruction in the vicinity of highly ionizing sources.
We see that the cold HI is relatively weakly correlated Figure 7 . Gas vs dust (8 µm) correlation plots for NGC 7793. The cold/warm gas vs dust correlation is shown in the left panel while the total atomic HI gas vs dust is shown in the right panel. We have shown the plots for the MIR 8 µm case which is weakly correlated to the gas. It is to be noted that this correlation gets tighter as we move towards the FIR in NGC 7793. The dashed line (in black) in the right panel shows the Theil-Sen regression fit which is insensitive to outliers. The lack of MIR emission in NGC 7793 is clearly visible from the top two panels. There is also a distinct difference in the atomic gas-to-dust ratio between the two. Here, in each panel, we have multiplied a factor of ∼30 times the original IR emission in NGC 7793 to scale it up to the same correlation as NGC 3184. This shows a much higher fraction of atomic gas or lesser fraction of dust in NGC 7793 as compared to NGC 3184.
with the dust emission as compared to the warm HI gas (Table A1 ). This means that the total N(HI) correlation which is seen with individual dust bands is mainly due to the warm gas component in both galaxies (Figures 6 &  7) . The molecular gas in NGC 3184 shows a good positive correlation (∼0.7) with all IR bands and it also dominates the total gas (atomic+molecular) vs dust correlation which is tighter (∼0.8) than either individual case as seen in Figure 6 . If we only look at the spiral arm locations in NGC 3184, we do not see any correlation due to the narrow range of IR emission values covered. We see the overall positive correlation only when we consider all locations. Moreover, the spiral arms do not have any preferential cold/warm gas dominance in NGC 3184. These locations are, of course, concentrated towards higher dust emission regions due to the higher dust concentration in the spiral arms ( Figure 6 ).
When we look at the MIR vs FIR correlations in both galaxies, we find an overall similar positive correlation trend between the different dust bands indicating a mixture of hot and cold dust components. While the correlation coefficients among the different 8, 24, 100 & 160 µm emissions have similar values for both galaxies, there is a slight difference in case of the correlation coefficients involving 70 µm emission. For instance, the 70 vs 100 µm Spearman's rank correlation coefficient for NGC 3184 is ∼0.6 while it is ∼0.8 for NGC 7793 (Table A2) . So, while a large fraction of the dust particles responsible for the 70 µm emission may come from similar grains which show emission at 24 µm with sensitivity to star-formation effects (Dale et al. 2005; Calzetti et al. 2005) , the 24 µm may also arise from diffuse cirrus especially in inter-arm regions (Foyle et al. 2010) . Therefore, the relatively weaker correlation between other dust bands and 70 µm emission in NGC 3184 as compared to NGC 7793 might be due to higher contribution towards the cold dust emission from the inter-arm regions at the other IR bands as opposed to the warm dust emission at 70 µm. These observations imply that NGC 7793 has a higher cold dust fraction as compared to NGC 3184.
In Figure 8 , we have shown the correlation between the total neutral atomic gas and the dust IR emission for NGC 3184 and NGC 7793 in the same panels for comparison. We find the 8 µm dust emission in NGC 7793 to be more concentrated towards the region showing spiral arms in NGC 3184 which is because of the uniformly distributed nature of spiral arms in the flocculent spiral NGC 7793, which are difficult to visually distinguish. The lack of dust emission at 8 µm could also indicate the dissociation/destruction of smallersized dust particles in the inter-arm regions of NGC 7793. The existence of more widespread emission towards 160 µm in NGC 7793 supports this as larger-sized dust particles are not easily destroyed in similar harsh environments. Moreover, we see that in the case of NGC 7793, there is a greater amount of neutral gas N(HI) for the same amount of dust which is present in NGC 3184. The dust-to-neutral atomic gas N(HI) ratio is found to be roughly 30 times lower than that in NGC 3184 as seen in Figure 8 . Draine et al. (2007) investigated the dust-to-gas mass ratio (DGR) within the SINGS galaxy sample and found the DGR variation to be much more dependent on a change in metallicity as compared to Hubble type, which seems to imply that the variation seen in our case is also due to metallicity effects rather than galaxy type. In addition, we also found the FIR/MIR ratio to be higher in NGC 7793 by a factor of ∼1.6 times that in NGC 3184, further supporting the existence of a higher fraction of larger-sized particles which show FIR emission in NGC 7793.
CONCLUSIONS
We report the results of a pixel-by-pixel gas-dust correlation study in two spiral galaxies: NGC 3184 and NGC 7793, based on an analysis of archival data. For the first time, we have separated the narrow (cold) and wide (warm) components of atomic HI gas in these two galaxies and investigated their correlations separately with individual dust IR bands, in a spatially resolved way. We have also compared the findings for these two galaxies and the main conclusions are summarized below:
• We find that the HI gas distribution in both NGC 3184 and NGC 7793 clearly shows a bi-modality with distinct differences in the cold and warm gas components, which we have identified and separated.
• The atomic gas shows an overall positive correlation with the dust infrared emission bands in both the galaxies. On decomposing the atomic gas into cold/warm components, we find that the total N(HI) correlation does not have much contribution from the cold gas in either case.
• The spiral arm locations in NGC 3184 do not show any preferential dominance of the warm or cold gas components. Moreover, the dust vs total (atomic+molecular) gas shows a very good correlation in NGC 3184, with the total gas-dust interactions being heavily influenced by the molecular gas phase. The unavailability of required data for NGC 7793 limits us from obtaining its molecular gas to dust correlations.
• We also seem to find a distinct difference in the particle size distribution of dust within these two galaxies, as summarized below:
− The dust to atomic gas N(HI) ratio is found to be much lower in NGC 7793 with respect to NGC 3184, which indicates a higher concentration of atomic gas or lower dust emission in NGC 7793. A lack of dust emission in the MIR, coupled with the higher FIR/MIR ratio found in NGC 7793 as compared to NGC 3184 indicates a deficiency in smaller-sized grains with most of the observed FIR emission in NGC 7793 being contributed by larger-sized dust particles.
− The gas-dust correlation trend at different MIR and FIR bands in NGC 3184 is quite uniform while that in NGC 7793 shows a much better gas-dust correlation towards the FIR. This indicates that the dust in NGC 3184 is a mixture of both hot and cold grains, while that in the flocculent spiral galaxy NGC 7793 has a dominance of cold and diffuse, larger-sized dust over smaller-sized dust particles.
From our ongoing and future work on the full sample of galaxies, we hope to understand the physical significance of dust much better than what has been accomplished in this pilot study. We expect that a larger galaxy sample will make the differences in gas-dust correlations among different galaxy types more clear. 
